







	Higher grip strength measurements have been associated with better cognitive measures, increased survival, and reduced disability and cognitive decline in older individuals. The reason for this association is still not well understood, but there are currently no studies that analyze grip strength on a family level. The aim of this cross-sectional analysis is to determine if cognitive function is associated with grip strength in the Long Life Family Study population and to determine if families with exceptional grip strength have statistically significant differences in cognitive function compared to families that do not have exceptional grip strength.
Among the 2052 offspring analyzed, 330 had exceptional grip strength. There was a significantly higher scores between exceptional and non-exceptional offspring for the mini-mental state exam score (p=0.0018) and a measure of semantic fluency, animals-total (p=0.0071). In contrast non-exceptional offspring had a significantly higher score for digit span forward (p=0.0049).
Among the 392 families analyzed, 27 met the criteria for exceptional grip strength (146 individuals). Also, at the family level there were significant differences between attention/working memory [digit span forward (p=0.0066) and mini-mental state exam score (p=0.0067)], and one measure of semantic fluency, animals-total (p=0.0006).
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Grip strength is a measure used frequently to determine upper body skeletal muscle function and muscle strength. In general, muscle strength decreases as the body ages  ADDIN EN.CITE (Taekema, Gussekloo, Maier, Westendorp, & de Craen, 2010), thus making it more difficult for individuals to continue living independently (Rantanen et al., 1999). Many research studies use grip strength as a proxy for overall muscle strength, because it is easy to measure, inexpensive, and highly repeatable.  Studies indicate that a stronger grip strength may be associated with numerous health outcomes including a longer lifespan  ADDIN EN.CITE (Al Snih, Markides, Ray, Ostir, & Goodwin, 2002; Fujita et al., 1995; Stenvinkel, Barany, Chung, Lindholm, & Heimburger, 2002) and better cognition  ADDIN EN.CITE (Al Snih et al., 2002; Taekema et al., 2010). The current study focuses on the relationship between grip strength and cognitive function.
1.1	RELATIONSHIP BETWEEN GRIP STRENGTH AND DISABILITY
In 2008, Bohannon conducted a systematic review of 45 peer reviewed journal articles. Of those, 9 studies assessed the relationship between grip strengths and measures of disability. These nine studies included a total of 9,326 individuals over the age of 45, with follow-up periods that ranged from a few days up to 15 years. All 9 articles reported low grip strength to be associated with future functional limitations or disability. Although in one of these nine studies (Giampaoli et al., 1999) the association was seen in all men, when divided into men 77 years and older and men under 77 years old no association was found in the men less than 77 years old. Although, the sample size for this study was small (n=138) and the study only included men from 71-91 years old.  
Several studies have evaluated the relationship between grip strength and psychological and cognitive health  ADDIN EN.CITE (Taekema et al., 2010; Takata et al., 2008). Takata et. al. (2008) performed a cross-sectional study on 198 community dwelling 85 year olds in Fukuoka Prefecture, Japan to examine the association between grip strength and scores obtained from the Mini-Mental State Exam (MMSE), a measure of cognitive fitness. The MMSE is scored between 0 and 30 with 0 being the worst score an individual can obtain and 30 being the best. Individuals were divided into normal MMSE scores (≥ 24) and individuals with impaired MMSE scores (< 24). After adjusting for covariates, MMSE scores and grip strength were examined through a simple linear regression. MMSE groups were significantly associated with increased grip strength for both the left (p=0.003) and right (p=0.009) hand. Thus, this study reported, an association between increased grip strength and normal cognition function, although the sample size was small. 
Taekema et. Al. (2010) conducted a prospective study in the Netherlands that recruited 599 participants, of which 555 (194 men and 361 women) had completed grip strength measurements. All participants were recruited between 1997 and 1999 when they turned 85 years old. The study assessed if changes in social, functional, and psychological health could be predicted by grip strength in the oldest old. Grip strength was measured at baseline then four years later while, functional, psychological, and social health were measured annually. To determine individual’s psychological health, depression and cognition were measured using the Geriatric Depression Scale and the Mini-Mental State Examination (MMSE) respectively. After adjusting for covariates, individuals in the highest tertile of grip strength scored better in measures of how they chose to spend their time (ex. watching TV, exercise, etc.), depression, cognition, walking speed, and activities for daily living disability compared to individuals in the lowest grip strength tertile, at baseline. Indicating that individuals in the highest tertile of grip strength participated in more social activities, were less depressed, had better cognitive abilities, a faster walking speed, and less disability in daily activities compared to individuals in the lower tertile. On the MMSE, individuals in the highest grip strength tertile scored a mean of 26.3 (SD=0.3), the middle tertile scored a mean of 25.4 (SD=0.3), and the lowest tertile had a mean score of 22.3 (SD=0.5) (p<0.001). Longitudinal analyses indicated that over four years, poor grip strength predicted decline in cognition with a 0.01 decline in MMSE score per kilogramme loss of grip strength (p=0.001) and accelerated dependency in activities for daily living with a 0.02 point increase in GARS per kilogramme loss of grip strength (p<0.001).
Pedrero-Chamizo et. al. conducted a cross-sectional study on 153 institutionalized Spanish individuals over the age of 61 (51 male and 102 female). All participant’s cognition status was determined by the Mini-Mental State Examination. A Pearson r correlation test was used to determine if there was an association between MMSE scores and grip strength. Both left and right hand grip strength had a significant positive correlation with MMSE scores (β=0.466, p<0.001, β=0.465, p<0.001 respectively) adjusting for age  ADDIN EN.CITE (Pedrero-Chamizo et al., 2013). 
Rantanen et. al. (1999) conducted a 25 year prospective cohort study in Oahu, Hawaii. This study enrolled 6089 Japanese-American men between 45 and 68 years old to determine if midlife muscle strength was a predictor of functional limitations later in life. A multiple logistic regression analysis was done among the 3218 survivors using the grip strength measurements from the baseline data to divide the survivors up into lowest, middle, and highest tertiles of grip strength, while functional limitations and self-reported difficulty measurement were used from exam four data (average follow up time was 25.3 years). Individuals in the lowest tertile of grip strength had greater odds of functional limitations such as walking at a speed of 0.4 m/s or less (OR=2.77, CI=1.70-4.54) and inability to rise from a chair (OR=2.73, CI=1.19-6.27) compared to individuals in the highest tertile after adjusting for age, weight, height, education, occupation, smoking status, physical activity, and chronic conditions at exam 4. Also, individuals in the lowest tertile compared to individuals in the highest tertile after adjusting for covariates had statistically greater odds of self-reported difficulty dressing (OR=2.43, CI=1.42-4.15), bathing (OR=2.06, CI=1.18-3.59), lifting 4.5 kilograms (OR=1.94, CI=1.25-3.02), and doing heavy household work (OR=1.69, CI=1.69-2.27). Comparisons of the middle to the highest tertile, showed that the middle tertile had an increased odds of functional limitations after adjusting for covariates: walking at a speed of 0.4 m/s or less (OR=1.76, CI=1.11-2.77) and inability to rise from a chair (OR=2.80, CI=1.32-5.94). The middle tertile is also at increased odds of having self-reported difficulty lifting 4.5 kilograms (OR=1.57, CI=1.05-2.34), doing heavy household work (OR=1.31, CI=1.02-1.70), dressing (OR=1.65, CI=1.01-2.71), and bathing (OR=1.76, CI=1.07-2.92) compared to the highest tertile after adjusting for  age, weight, height, education, occupation, smoking status, physical activity, and chronic conditions at exam 4. However, this study did not find any statistically significant relationships between grip strength and toileting, eating, or the ability to walk one half mile or up ten stairs after adjusting for covariates (Rantanen et al., 1999).
1.2	Relationship between Grip Strength and Mortality/Survival
Bohannon et.al. (2008) performed a systematic review of 45 peer reviewed studies, 23 of them examined the association between grip strength and either survival or mortality. These studies encompass a total of 29,812 individuals, over 40 years old. The population of study varied greatly including individuals without disability living independently, individuals living in community residencies, patients undergoing surgery, patients hospitalized for pneumonia and Mexican-Americans  ADDIN EN.CITE (Al Snih et al., 2002; Anstey, Luszcz, Giles, & Andrews, 2001; Bohannon, Maljanian, & Ferullo, 2004; Kalfarentzos, Spiliotis, Velimezis, Dougenis, & Androulakis, 1989). Of the twenty-three studies, sixteen reported that lower grip strength was significantly associated with increased mortality or decreased survival outcomes. 
For example, a study conducted in Australia looked at 1,464 men and women over 69 years of age. Using Cox hierarchical regression analyses incidence of mortality rate ratios between individuals in the 81-100 percentile group of grip strength were compared to the 1-20 percentile (2.81), 21-40 percentile (2.06), and 41-60 percentile (1.56) over a six year period, after adjusting for health and demographics. These finding indicate the greater an individual’s maximum grip strength the increased chance of survival  ADDIN EN.CITE (Anstey et al., 2001). 
Al Snih et. al. (2002) conducted a five-year prospective cohort study of 1,055 Mexican-American men and 1,433 Mexican American women over age 65 years who were not institutionalized and resided in New Mexico, Texas, California, and Colorado. After adjusting for covariates, they reported that every one kilogram increase in baseline grip strength was associated with a 3% decrease in all-cause mortality. Men in the quartile 1 (lowest grip strength) had a hazard ratio of 2.10 (CI=1.41-3.38) and men in quartile 2 had a hazard ratio of 1.63 (CI=1.04-2.55). For women the only statistically significant difference in mortality was between the lowest and highest grip strength quartiles, with a hazard ratio of 1.76 (CI=1.05-2.93) for the lowest quartile.
Rantanen et. al. (2003) used data from the Women’s Health and Aging Study to examine the association between muscle strength and cause-specific mortality. The Women’s Health and Aging Study is a prospective population-based cohort study of 919 women that assessed 5-year mortality data. After adjusting for confounding factors, the only cause-specific mortality that had statistically significant association with muscle strength was Cardiovascular disease; the risk ratio was 2.06 (CI=1.11-3.83) when comparing the lowest to the highest grip strength tertiles. All-cause mortality had a statistically significant difference between the lowest and highest tertiles with a relative risk of 1.73 (CI=1.20–2.48) for the lowest tertile. Also, there was a statistically significant difference for risk of all-cause mortality between the middle and highest tertiles (RR=1.54, CI=1.08-2.20)  ADDIN EN.CITE (Rantanen et al., 2003). 
Three of the twenty-two studies (n=1,655) were conducted in rheumatoid arthritis patients. Only one of these studies reported no association between grip strength and mortality (n=75) (Pincus et al., 1984). An additional two studies reported that grip strength was predictive of subsequent mortality for men but not women   ADDIN EN.CITE (Fujita et al., 1995). One of those studies was conducted in Japan at seven of their health-promotion centers between the years 1982 and 1987. The 1,341 men used in the analysis had a relative risk of 2.34 (CI=1.19-4.59) for all-cause mortality and the 1,542 women had a relative risk of .84 (CI=0.18-1.91) after adjusting for age, skinfold thickness, blood sugar, total serum cholesterol, blood pressure, percent vital lung capacity, and smoking status  ADDIN EN.CITE (Fujita et al., 1995; Stenvinkel et al., 2002). 
The other study was conducted on 206 individuals (126 men and 80 women) with end stage renal disease. In the Kaplan-Meier analysis maximum grip strength was related to increased survival for all individuals (p<0.01), but when stratified by gender, for men the association remained statistically significant (p<0.01), although for women it did not (p>0.05)  ADDIN EN.CITE (Stenvinkel et al., 2002).  In contrast, one other study reported stronger grip strength reduced the risk of all-cause mortality in women (n=225, RR=0.62 CI=0.46-0.83), but not men (n=197, RR=0.84, CI=0.64-1.10) (PMID-15374392). The remaining study was conducted in men only (n=1071), and found grip strength was significantly higher in all survivors (p<0.001). When individuals were divided into men 60 years and older (p<0.001) and men under 60 years old (p=0.06) the association with mortality only remained in men over the age of sixty  ADDIN EN.CITE (Metter, Talbot, Schrager, & Conwit, 2002).
1.3	Gaps in Knowledge
As described above, the relationship between grip strength and several different outcomes including mortality, cognition, disability, activities of daily life, hospital complications, and length of hospital stays, has been investigated in a variety of different populations. However, no studies have investigated grip strength within families or between multiple generations. This essay assesses associations between individuals with exceptional grip strength, as well as, families with exceptional grip strength, and cognitive function within the Long Life Family Study. Although the Long Life Family Study is a longitudinal study, only visit one data were assessed in this essay, so all data analyses were cross-sectional.
1.4	Public Health Significance
Many studies have reported that lower grip strength is an indicator of more rapid cognitive and physical decline later in life and decrease in survival time  ADDIN EN.CITE (Anstey et al., 2001; Rantanen et al., 1999; Takata et al., 2008). The public health significance of this analysis is if we have the ability to identify these individuals early we would have the ability to create interventions to prevent or slow these individuals cognitive and physical declines and increase their survival time. With this study particularly we are attempting to determine if the associations we see at the individual level remain at a familial level, indicating that there is a genetic component that should further be explored. 
1.5	Objective
The aim of this analysis is to determine what aspects of cognitive function are associated with grip strength in the Long Life Family Study population and to determine if families with exceptional grip strength have statistically significant differences in cognitive outcomes compared to families that do not have exceptional grip strength.	
2.0 	Methods
2.1	Study design
The Long Life Family Study is a multi-center longitudinal research study that has four recruitment centers: Pittsburgh, Boston, New York City, and Denmark. The overall goal of the study is to investigate the genetic and environmental factors that influence exceptional survival and traits associated with exceptional survival. To accomplish this goal, the investigators ascertained sibships based on the exceptionality of a sibship’s survival into old age using a family longevity selection score (Sebastiani et al., 2009).  In addition, the offspring of the exceptional sibships were recruited, as well as the living spouses of sibships and offspring (as controls). Potential participants were excluded if they were in hospice, had end stage renal disease or another medical condition that would make them unable to participate, or did not consent to provide a blood sample. Recruitment for this study was conducted through advertisements to the general public. The study protocol was approved by the Institutional Review Boards at all study centers, and all participants provided written, informed consent. In total the Long Life Family Study has 574 families with 4,472 participants, 1,292 participants are from the proband generation and 3,180 participants are from the offspring generation  ADDIN EN.CITE (Barral et al., 2017). 
2.2	Phenotype Measurements
All participants filled out surveys and self-reported age, sex, education, and race. Level of education was divided into three categories, less than a high school (HS) education, a high school education or equivalent, or more than a high school education. Race was divided into White, Black or African-American, American Indian or Alaska Native, Native Hawaiian or other Pacific Islander or other and asked to specify. 
2.2.1	Grip Strength
Grip strength was measured in kilograms using a Jamar Hydraulic Hand Dynamometer. The participant was asked to use their stronger hand for their trials. The participant was given one practice trial to determine that the participant understood the procedure and then two recorded trials were completed. For statistical analysis the average of the two trials was used. If a participant only had one recorded trial, that one trial was used as the participant’s average.  Due to different data collection of grip strength for visit two of the study, only visit one data was used in the statistical analysis. 
2.2.2	Measures of Cognitive Performance
The Mini-Mental State Examination (MMSE) is a screening tool used to evaluate individuals’ attention and concentration (spelling a word backwards that has been spelled out forward for them), orientation to time, orientation to place, registration (immediately repeating three words), recall (recalling those repeated three words), visual construction (copying two intersecting pentagons), and language (reading, writing, comprehension, repetition, and naming). Due to the fact that the MMSE is scored as the number of correct items a lower score indicates greater cognitive impairment (Monroe & Carter, 2012). 
The Logical Memory IA-Immediate is a test where the test administrator reads a short passage or story to the participant and then asks the participant to recall the passage or story from memory immediately afterwards. The Logical Memory IIA-Delayed test is the same test as the Logical Memory IA-Immediate test except that the participant is asked again to recall the short story or passage just 30-40 minutes after the Logical Memory IA-Immediate test has been completed. Both of these tests are used to assess a participant’s ability to recall a short story or passage and s/he is awarded a point for each correct unit in the passage for a total of 25 units. Lower scores indicate greater memory impairment  ADDIN EN.CITE (Bouman, Hendriks, Van Der Veld, Aldenkamp, & Kessels, 2016).
The Digit Span Forward test is conducted by an administrator reading a sequence of numbers and asking the participant to repeat them back. The Digit Span Backward test is the same as the Digit Span Forward test except that the participant is asked to repeat the number sequence in reverse order. Both tests are used to measure the attention or working memory of the participant. These number sequences increase in length and every correct answer is award a point. Lower scores indicate greater cognitive impairment  ADDIN EN.CITE (Bouman et al., 2016). 
The Category Fluency tests are used to measure a participant’s semantic memory of language and verbal fluency. The participant is asked to name as many different examples of a certain category as s/he can in 60 seconds. A point is given for every unique example given in that minute up to 77 examples. In the Long Life Family study participants were given this test twice, the first time they were asked to list animals and the second time they were asked to list vegetables. Greater scores indicated high semantic fluency (Morris et al., 1989). 
The cognitive endophenotype values were determined for 4,472 of the participants in the Long Life Family study that had complete data. They were calculated by multiplying the eigenvectors for: digit symbol substitution task tool, digit span forward, digit span backward, MMSE score, logical memory 1A-immediate total, logical memory IIA-delayed total, category fluency-animals total, and category fluency-vegetables total for each individual by their generation- adjusted, transformed, and standardized trait values. This process was repeated for every subpopulation  ADDIN EN.CITE (Matteini et al., 2010; Singh et al., 2015).
2.3	Offspring Used in Analysis
In this study, statistical analyses were conducted only on offspring who had measures of grip strength and were genotyped. Grip strength and genotype data were available on 2301 genotyped offspring. Any genotyped offspring who was missing age, sex, weight, or height were excluded. After implementing the above exclusion criteria, any family that did not have at least two members from the proband generation or at least two members from the offspring generation were also excluded. The data were then checked for outliers which lead to the exclusion of one additional individual. A total of 2052 offspring were used in subsequent data analysis; a 10.8% loss from the initial sample.
2.4	Individual exceptional grip strength Category
	To determine individual level exceptional grip strength, a sex-stratified and age, weight, and height adjusted linear regression was conducted to calculate a grip strength z-score for individuals from the offspring generation. Any individual who had an adjusted grip strength that was greater than one standard deviation above the mean was categorized as an exceptional individual.  Individuals whose z-score was less than or equal was classified as non-exceptional individuals.
2.5	Family exceptional grip strength Category
For a family to be characterized as having exceptional grip strength, they had to have at least two individuals in the offspring generation. An exceptional family contained two or more offspring who had exceptional grip strength and at least 50% of their offspring had to be considered exceptional. If a family did not meet these criteria they were classified as a non-exceptional family.

3.0 	Statistical Methods
3.1	Comparing Exceptional verus Mom-exceptional Individuals
Socio-demographic characteristics (including gender, ethnicity, field center, and education); were compared using a chi-square test between exceptional and non-exceptional grip strength individuals. A t-test was conducted to compare the age of individuals with exceptional grip strength (exceptional individuals) to the age of those without exceptional grip strength (non-exceptional individuals). 
	An ANOVA test was conducted to compare means of cognitive measures between exceptional and non-exceptional individuals.  These measures included: digit symbol substitution task tool, digit span forward, digit span backward, MMSE score, logical memory 1A-Immediate total, logical memory IIA-Delayed Total, category fluency-animals total, and category fluency-vegetables total.
3.2	Comparing indiviudals from exceptional versus non-exceptional Families
Differences between individuals from exceptional families versus individuals from non-exceptional families were also analyzed.  Thus, an individual’s exceptional versus non-exceptional family status used as a grouping variable.   Unlike comparisons between individuals based on their individual status, these analyses compared individuals based on membership in their family’s designation.  Family averages were not used in the statistical analysis to prevent an ecological fallacy by comparing group level data. 
To compare individuals from families that meet exceptional grip strength (exceptional families) and individuals from families that do not meet the exceptional family criteria (non-exceptional families), a chi-square test was conducted to assess socio-demographic characteristics, which included gender, ethnicity, field center, and education.
An ANOVA comparing individuals from exceptional versus non-exceptional families was conducted on the means of multiple cognitive measures including: digit symbol substitution task tool, digit span forward, digit span backward, MMSE score, logical memory 1A-Immediate total, logical memory IIA-Delayed Total, category fluency-animals total, and category fluency-vegetables total.

4.0 	Results
4.1	Exceptional versus non-exceptional indiviuals 
All individuals in our analysis were of white ethnicity. As can be seen in Table 1, analyses revealed no statistically significant differences between exceptional and non-exceptional individuals for mean age (59.99 versus 60.45 years, respectively, P= 0.3617) or proportion of males (54.24% versus 57.55% males, respectively, p= 0.0.2663).




Table 1. Socio-demographic Characteristics of offspring by exceptional versus non-exceptional grip strength category


After adjusting for age and sex, means of several cognitive measures did not differ significantly between exceptional and non-exceptional individuals (Table 2).  These measures included the digit symbol substitution task tool (p=0.9073), digit span backward total (p=0.2863), logic memory 1A-immediate total (p=0.8163), logical memory IIA-delayed total (p=.98333), category fluency-vegetables total (p=0.8794), and the cognitive endophenotype (p=0.8877). In contrast, significant differences between exceptional and non-exceptional offspring were observed for two measures of attention/working memory [digit span forward (p=0.0049) and mini-mental state exam score (p=0.0018)], and one measure of semantic fluency, animals-total (p=0.0071).   Measures of animals-total fluency and MMSE were higher in exceptional grip-strength offspring.  However, digit span forward was lower in exceptional grip-strength offspring versus non-exceptional offspring (8.29 versus 8.65, respectively).


Table 2: Cognitive measures of offspring by exceptional versus non-exceptional grip strength

4.2	Exceptional versus non-exceptional Family category
As can be seen in Table 3, mean age of all offspring from exceptional versus non-exceptional families differed significantly (62.12 versus 60.24 years, respectively, P= 0.0081), but the proportion of males in each group did not differ (56.85% versus 57.03% males, respectively, p= 0.966).    Similar to the analyses of exceptional versus non-exceptional offspring, the proportion of offspring from exceptional versus non-exceptional families differed by field center (p<0.0001), New York had the lowest proportion of offspring from exceptional families (6.85%) and Denmark had the highest (54.79%) (Table 3). Education status did not differ significantly between offspring of exceptional families versus offspring from non-exceptional families (p=0.0974).

Table 3: Socio-demographic characteristics of offspring from exceptional versus non-exceptional grip strength families


After adjusting for age and sex, means of several cognitive measures did not differ significantly between exceptional and non-exceptional individuals (Table 4).  These measures included the digit symbol substitution task (p=4098), digit span backward total (p=0.4725), logic memory 1A-immediate total (p=0.8031), logical memory IIA-delayed total (p=0.7609), category fluency-vegetables total (p=0.0909), and the cognitive endophenotype (p=0.44).   In contrast, significant differences between offspring from exceptional and non-exceptional families were observed for two measures of attention/working memory [digit span forward (p=0.0066) and mini-mental state exam score (p=0.0067), and one measure of semantic fluency, animals-total (p=0.0006).   Measures of animals-total fluency and MMSE were higher in offspring from exceptional grip-strength families.  However, digit span forward was lower in offspring from exceptional grip-strength families versus non-exceptional offspring (8.08 versus 8.63, respectively).

Table 4: Cognitive measures of offspring from exceptional versus non-exceptional grip strength families

5.0 	Discussion
Multiple measurements of cognitive function were available in the Long Life Family Study. Two of the measures, MMSE and the cognitive endophenotype are composite traits, that is, they represent multiple types of cognition within a single score.  These composite traits may better reflect underlying processes influencing cognition.  The cognitive endophenotype did not differ between exceptional and non-exceptional individuals nor between individuals from exceptional and non-exceptional families (p=0.89 and p=0.44, respectively).  Although the cognitive endophenotype was initially derived for use in LLFS, many of the cognitive measures used to derive this endophenotype are available in other studies  ADDIN EN.CITE (Matteini et al., 2010; Singh et al., 2015).  Furthermore, the traits that comprise the cognitive endophenotypes are measurable in non-demented individuals.  In contrast, the MMSE is useful to screen for dementia, but is not sensitive to mild forms of dementia nor other variations in cognitive function (Tombaugh & McIntyre, 1992).  Therefore, it is not a useful measure of cognitive function among non-demented individuals.  However, many studies among elderly individuals only measure MMSE.  Thus, the MMSE score is more readily comparable to other studies. 
Both exceptional individuals and individuals from exceptional families and have statistically significantly higher MMSE scores than non-exceptional individuals and individuals from non-exceptional families.  Mean (sd) MMSE score of exceptional individuals is 29.24 (1.06) versus 28.99 (1.35) for non-exceptional individuals (p=0.0018). Offspring from exceptional families had mean (sd) MMSE score equal to 29.26 (1.12) units whereas offspring from non-exception families had mean score equal to 29.01 (1.32) units (p=0.0067).  Takata et. al., 2008, who reported higher MMSE scores among individuals with higher grip strength in both the right and left hands (β= 0.305, p = 0.005; β= 0.309, p = 0.004, respectively) after adjusting for amount of education, gender, smoking, drinking, complication of stroke, body weight, body height, regular medical care, serum albumin, blood HbA1c, and marital status.  They also performed a logistic regression analysis on clinically relevant MMSE categories (MMSE < 24 versus MMSE ≥24). The prevalence of individuals with MMSE≥24 increased by 9% with each 1-kg increase in left hand grip strength (OR=1.087, CI=1.003–1.179, p = 0.042)  ADDIN EN.CITE (Takata et al., 2008). Pedrero-Chamizo et. al.’s result support these findings in a significant positive correlation between both left and right hand grip strength and MMSE scores (β=0.466, p<0.001, β=0.465, p<0.001 respectively) adjusting for age (2013).
Results of analyses of individual measures of cognitive function are mixed, even within functional domains, i.e., attention/working memory, overall memory, and semantic fluency.  For the attention/working memory domain, both exceptional individuals and individuals from exceptional families had lower digit span forward means (8.29, SD=2.2, 8.08, SD=2.18, respectively) compared to non-exceptional individuals and individuals from non-exceptional families (8.65, SD=2.2, 8.63, SD=2.21, respectively). However, no differences between exceptional versus non-exceptional individuals (or individuals from family groupings) were observed for digit span backwards (p>0.05 for all comparisons, Tables 2 and 4).  No significant differences were observed between exceptional versus non-exceptional groups for either measure within the overall memory domain.  Finally, within the semantic fluency domain, means for the animal scores category were significantly higher for both exceptional individuals and individuals from exceptional families (23.07, SD=6.06 and 23.55, SD=6.00, respectively) compared to non-exceptional individuals and individuals from exceptional families (22.09, SD= 5.72 and 22.15, SD=5.76, respectively). The lack of consistent results between exceptional versus non-exceptional groups, even within specific cognitive domains, may indicate the absence of a relationship between grip strength and cognitive function.  In other words, the significant results are spurious.  No previous literature exists on investigating possible relationships between specific cognitive function domains and grip strength.  
5.1	Limitations
Some limitations of these analysis include the use of cross-sectional data; data on only one time point were analyzed.  Analyses of changes over time may reveal relationships between declines in cognitive function and grip strength.  Because MMSE is not a sensitive measure of cognition, but is useful measures of change, longitudinal analyses of cognitive function changes may increase the likelihood of identifying relationship between cognition and grip strength, if it exists.  The protocol for measuring grip strength changed between visit one and visit two.  This change was instituted to make measurements in LLFS consistent with those from the Framingham Heart Study.  Although this change will enable replication of results in the two studies, it decreases the ability to accurately compare grip strength over time in LLFS. Another limitation to this analysis is the definition of exceptional grip strength.  The classification of exceptionality as individuals whose grip strength is one standard deviation above the mean affects the accuracy of the results.  Any changes or updates to the data set will affect the classification of individuals as exceptional. This definition also makes it difficult to compare these findings to other studies because there are no standardized cut points for grip strength that define individuals exceptional or at increased risk. However, no standardized cut points for grip strength are currently used in the literature, such as those that are used to classify individuals as diabetes or obese. In addition, these findings are limited in their generalizability.  Because the LLFS study recruited individuals for exceptionality, this study sample has higher levels of education than the general population, and all individuals in our statistical analysis were of white ethnicity. Another concern is that cognitive measures were correlated with education on the individual level, which makes it difficult to know whether education or cognitive function is more salient for grip strength. However, the educational differences among groups was small.  Furthermore, compared to non-exceptional individuals, individuals with exceptional grip strength were more likely to have more than a high school education, but they were also more likely to not complete high school. MMSE is a measure used and validated in older populations and is often used as a measure for dementia. The offspring generation used for this analysis is younger than appropriate and could produce inaccurate results. Also, this causes the distribution of MMSE scores to be skewed, making an ANCOVA test not the most appropriate form of statistical analyses. 
5.2	Strengths
This study has many strengths, such as the ability to look at our data at an individual and family level. In addition, all individuals in the analysis have been genotyped, therefore relationships between genetic variants and grip strength can be investigated.  Furthermore, LLFS is a cohort study, thus results obtained in this study are readily replicable using data from the Framingham Heart study, and vice versa.
5.3	Future Directions
Future analyses that could be conducted with this data include a GWAS study to determine if any genetic variants are associated with increased grip strength. These results could be used to look at the transferability and penetrance of these genes throughout these family units. Also, a survival analyses could be conducted to determine if individuals with increased grip strength have longer survival in our study population, as seen in previous studies  ADDIN EN.CITE (Al Snih et al., 2002; Bohannon, 2008; Rantanen et al., 2003).
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